™
N C.P. No. 39
. 13185
A.R.C. Technical Report

NATIONAL. AE‘RONAUI?CAL ESTABLISH Z)

LIBRARY

MINISTRY OF SUPPLY

AERONAUTICAL RESEARCH COUNCIL
CURRENT PAPERS

Low-Speed Wind Tunnel Investigation
of the Change in Aerodynamic
Centre Position and in Cm, due
to Propeller Turbine Nacelles

By

D. A. Kirby, B.Sc., AC.GI, D.I.C. and F. W. DEE

Crown Copyright Reserved

LONDON: HIS MAJESTY'S STATIONERY OFFICE

1951

Price &s 0d net






]
Ty
o
3
Ui
O

Repert Fo. Aero.2356

P

February, 1850

ROY L .JRCR &7 50 SLILE UlT

Low-Sgeed YWaind Tunnel Investigation of the Change in
Aerodynam=c T-ntre Poritaon and aa o O dae to
Propeller Turbine Nacclles ©

by
DoA. Rarby, 3.5c., AC.G I, D.1.C.
and

B9 Deec

ol g LR

Low zpeed wind tunnel tesis have been madzs on the effect of propecller
turbine type nacelles on the position of the acrodwamic centre and the
pltching moment at zerc 1luft of a multi-onginced arreraft. This 1avesiiga-
tion Torme gars of a serice of teste made Lo improve stabilaty predactaon

5 ) ¥ I
data, primarily for civail aircraft.

A plain rectungular wing was used to wes” varicus lengths of nacelle
overnang and rear Tairing for both chordiine and underslung nacelles
parailel and drooped at =L9 +o the wang chordline. Tests were also mads
w1t h.

{1} two nacelles on a wang to find the matual interference between
then,

(1] nacellcs on both lew and hizh wangs on a fuselage to Tind the
mterlerines betigen tac bedy and o nacells.

The results have Leen prosented 1n a Zorm suitable Tor predicting
the total effuet on longitudainal stability of the nacelies of a turbine
drmven multi-cngined aircraft.
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1 Introductrion

A series of tects has been made to wmprove longiladinal stabalily

predictione low Vach ilc, for multi-ingined cival arrcrift wath -ylindrical

type bodies and propeller burbine .angnes. The offest of bodics and of
slipstrean? hag been covered in obher reports,  The present roport pavues
the results of tests on the effects of propelicr turbine nacelles  The
nacelies arc relatively small and, when using bhe complede model, 2t was
not found easy to oblain suvfficint accarncy o detemine the effect of
variations in the na_.elles on longitudainal siahilicy 1.e, on the position
of' the asrcdynaric centre and cn qu . Testo have bherefore been made,
firstly on a siagle race'le en 2 plain wing, 1lhen of interference between
adjacent nacelles and rinally of .nterforence brivicen body and nacelles,
Results from a Lh-cngined ond o S-eneined complete model tesl are also
included together with the resalls of a few carlier unpublished tests on
propeiler turbine naccllos.

Earlicr 'est53 n nacelics Tor rociprocntiag engines do not cover
the same ranpge of shaves; the recipreecatine ounpince were of relatively
greator diamcter and were less cverhung.  Tac shape of the rear of the
nacelles vas often semplicated by the noccssity rfor housing the and:v-
carriage.  There was conseguacnlly necd for an extension of the previcus
wiork.

The m=Shod of prescntation used in the prosent report i1s taken Crom
2.5 and the account ol - ts application to any given aarcralt 1s repcated
fran Ref.3 1n the appendix,

2 Detarls of model and idoats

The tests were made at the R.A. L. ta Decomber, 1908 and Pebruary,
1948, Tests without body were made in vhe % £t wind tunnel on a rectan-
gular wing of -spect ratio 4.33., A wnng of asnect ratio 6 was used 1n
the Nc.ot 114 £ bunnel for the tests wmth a body.

The wing sectzon, a modified K, A, P, L4k, wis chosen to glve linear
1a7t and paiching moment curves at low Reynelds number. This was the
same section as that ased for the tests wite slipstream of Rel.2. In the
5 5 tunnel a speed of 200 Pt/sec gave a Zeynolds number of 1 18 x 106
baged on the wing chord. A specd of 120 Ft/§uc vas ased in the 11% £t
tunnel gaving a Reynolds aumber of 0.71 x 10%, and a fine mesh honeyoomb
wag placed 3 £ ahcad of the model to inercase the burbulence of the air-
stream, since fhis 1s Tound to straighten the 1af4v and prtching moment
curves at lor Roevnolds manber,

Nacelle diametiers of 23,7 £7.2 and 35 f: chord were used for the
seats. lhe Gwe sncler diameters were renrcservative of multi-engined

ailreraf't litted with propcller furbines. The nacelle shape used consisted

of an elliptic nosc fairing, & conctant diamcter portion rceaching to the

wing leading edge and o tapired fairing aft of the leading edge. The

vart of the nacelle ahead of the wing could be inclined downwards at L°

to the chordiiac by inserting a wedpe ob the wnng leadaing edge. The zerc
Le N

11ft angle of the wang wag =1.4°, so that rlatiive to the no laft line
angles ol droop of 1.4° 2nd 5,45 oy anr 7

The bedy uscd wms that of the systematlce tegts of Ref.1 with the
second shortost nese and tanl lenglhs; no ir or tarlplane wag fitted.
A geauctric wing-bod; angle of O was uscd for both hagh and low wing
positions, Fillets were s1tted for the lowv wiug only.

=L~
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RPelevant dimensions of the two wings, the nacelles 2nd the body are
given in Table T and the racelles are 21lustrated in Figs.1 and 2. Fag.3
shows the low wing redel and the spamise posttions of the nacelles as
used for the fests wish body.

Readings ol 117t and pitching mcoment about the -ving quarter chord
points were taken over a Oy renee Trom ~C.1 te O.5 for the folloving
arvangements of the model, vher: 1y 1s the angle between the nacelle
centreline and tke no 1ift linc of the ving, and 2z 18 the distance of
the centre line balow the wing chord at She leading cdge.

(a) HNacelle rharacteristice

5t vunncl tests - 1 nacelles on coentre line
D Z Uverhany _ m Régfmfgzr;ﬁg_lgngth - n 1.0
o C Chord 7 o Shord o N
J. b .6 1.0 0.6 1. L
0.6 ba o 0.6 5.l
0.121 0.6 1,0 0.7 1.4
0.2%7 0.6 1.0 C.9 Tk
0.6 1.0 .9 5.k
0 L 0.5 1.C 06 1.4
0,0 1.0 ¢.6 5.4
0.6 10 06 1.4
G121 3,5 1.0 0.7 1.4
0.272 0,5 1.0 0.3 1.4
0 0.6 1.0 0.6 1.4
0,121 1.0 0.9 1.4
0.3536

0 1 O 0.5 1.8

(b) Mutual nacells interference

5 1t tuancel tesla ~ nzeeslles wvith =10 1y = 1,4°
(¢
- Spanwlse positions
2’ Oﬁdi?f:,l o g = tested ~ from centre
[ acSi i H lj_-rle _ Az
D
- 2 0. 491 0.6 2.07 3.80G
0.3 1 ’ 0.6 C
0.356 2 | C.t2 0.9 E 2,07 3.80
‘ |
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(c) Body ainterfercncc

H%_f_tmtunnol voehs = 2 macelles wioh ]-} = 1,0 oy = 1.4°
Wing i D a Sprmwice Posgivicn ¥
: " ~ Bedy Diamstex Dy
3,521 1 1,21 1.56 1.95 2.54
High Des/
1
e G 1 2.3
0.356 0,121 1 2.9
CuL237 0 1.2 2.5k
Lo !
0,355 a2 1 1,21 ooa2b
Mo body | 0.537 0,421 D

The resulls of tests made with nscelles 1a two spanwiss posaitions
on the model of Ref,1 ar alsc included 1n tue tert of this repert (sec
paragravh 5.1). Thesc tests vere radc in the RALE. Noot 115 x 85 %
sunnel in January, 1948. The wind speed wag 120 ft/ses vhich gave a
Reynolds number of 7.65 x 10° based on wing mean chord, or 0.85 x 10°
baged on ving centre linc chord A honeyeumb -mg 1n positzon 3 £% ahead
of $the model,

The model censisted of the body itcd or the present tosbs fatted =wc
a 2 1 1 tapercd wing., No fin or teilplane vag Titt2d. The nacelles Loated
were similar to the prosont serics, bubl, as the gsame size of nacelle wac

Trtted on both 1nner =ad outer pesiticns dilferont valiss of g, o,k
c e

and 2 swre obbtaincd :or the tro spamsise pogitrons, No propellers wiere
c
reprosented.  The dmwnsions of the model ar  glven La Table IT and the

model s 1llustrated .n Fipg.h.

Teets wvare made with tvo naccelles on both high and low wing coniigu-
raticns for the two apanwicc positions.

3 Presentation of R:sults
4 i ho TN L4 AU | A.M
The resulte cre proscrnbed as in ol ), uslng dup = —3- 88 the
ge D

non~dimensional cocfficrent, D heing the maximum width of the nocelle.
The slope of the curve of AC,' ageinst loral 1At ccefficient Cp' may
be interpreted as the mern distance, as a [raction of the wing chord, through
wnich the 2crodynami~c centre meves forward over the ascolic gpan D . @Bkn'},

T. the present Seuts on the 7ing and na-olles pitching momentz were
mrasuced anoit the quacter chord of She wing. From a test of the wing
alone, Llhe aerodynamic c.nbra f the wany without nacelles was at O 217¢c.
Since earlier beubs’ were measurcd on a wing wvibh 1ts aercdynamic centre
at 0.25¢, the present results have been ~orccoted {see Appendax 1) to give
results z2pplicable 5o a wing »ath ite acrolynamic contre at 0.25c,



Wnen a body 1s present the aerodynamic nentre 1s+at 0.145c, and
since the 11t on the wing which compensatcs the negative 110% on the
nacelle azts here a correction is neczessary i the tesbts on the wang
alone arc to be applied to this case (or to 2 complete model).

L Regults and Diccussion

4.1  Tests wilh & nacelle on = wing

ho11 Forward movement of asrodynamic centre on nacelle

The majority cf the tests were made with the smallest diameter
nacelle (%-: O°25?). The values of Ak,' obtained wath thissize of

nacelle zre given in the following table:~

Nosc leagth |Rear faamng |£= 01211 2-c21| 220 |Z-0¢

n r ol ® o .6
o e lN = 13&- 1N = E,L{- lN = 1.-)-4-0 1N = [)af‘_}-p
0.4 0.6 0,125 0.173

0.6 0.160 0. 16k 0.21% 0. 221,
0.6 0.7 0. 164

0.5 0 162 0.160

0.6 0,239 0.235 | 0,289 0,204
1.0 0.7 0. 24

0.9 c.2u | ©.23h

The table shows that therc is little change wn Aky,' with changs
. ol .
in rear fairing length g and mean valuasg ol &kn' over a range ~f rear

fairing lengbh have been plotted in Fig.H. There 1z a small increase in

Akp' with 1xy for che chordlinc I:Lemelees(mZ

-

= O) and a verv small

LW
decrease for the undersiung nacelle (E-: 00121) Ak,'  1s decreased
c

considerably by lowering the nacelle., Tnese variations are consistent
with the position of maximum upwash being belcw the wing chord, sc that

a chordline nacelle with 5.4Y of droop 18 nearer the region of maximum
upwash than the chordline nacelle with no droop. The 12% underslung
nacelle lies below the region of maxaimum upvasn, ¢ 15 probable that a
nacelle with 2 small amount of uanderslinging might be more in this region
than the present chordline nacelles and conseguently might give a higher

value of Aky' .

Values of Ak,'! have been plotted againsc diameter/chord ratio in
Fig.9 for the three aacelle diameters tested. It 1s observed that for
the range %-: 0.20 to ¢ 30 (that asscciated .nth propeller turbine

nacelles) there 1s aboub 20p increase in Ak ' . Values of Akpy' estima-
ted from Ref.3 are alsc plotted in Fag.9 and appear to give good agreement
with an extrapolation of the prescnt results.

wf =



FAVIAS
L.12 Change in pitching moment ai zero 1luft ( o = ACy ')
Qe

For any paven value cf Lhe principal parameters which detorming

v} w]

the value of the prtcning moment at mero 1iTt duc to 2 nacelle ars the

~

length of overhang (%} , the angle of droop (yy) the smount of underslingiag

4 I - 1l
{S) and She longih ol foe rear lalring f») . I¢1s found that & conven-~

Z

- e i m
1ent vay of exorcosing most of chese paramitors 15 Lo ase el wvhere 2p

18 vhe digsance ol the mid point of the overhangong pars of the nacells
belor $h no 1aft line ft the aap,as a bast Tor ploﬁtlng Valuszg of

“m \ N - ,
~— are given ob bhe wid «f Teble T and values of AC, ' are plotted
c - Mg,
T - N n -, o
against - 1 27 10 for the empe 1l naeenl ) DD = 0 237 dil{eront
- -1 LQ ?

linee berng dravm [or the varioue longhhs of rzar fairiag. The curves
~ve siTicient acouragy Oor cstamabicor purposes within the range fosted
.C. for overhangs bobreen 0.4 = 1,0 ging hord,

Moo

Values of AC, ' have boen plebled agatast diameter/chord ratio in

Pig. 11 for the three nacelle diametcore Sezted.  Over the range 0. 20

ol twj
!

“o 0,30 the change 1n zlcmo' 18 vory siight.

4,13 Loss of 1174 (-ég% = AGL;)

The values of tie 11/t loos given in Table TIT are plotted apainst
naceile overhang in rp 12, The valucs hove been obtalned from analysac
of the values of 11t at “he zZerc 1zt ongl- of tre wring alens. In order
to generclise the valuce of ACy' & mooificatlion ﬁf the method suggested
by Smeit and Smith in Fof. )4 hiais beon used.

Tre effective .ncidence of ihe racelle centre line relative to Ghe
waing (B) has been caleuloted {scc Appendix II) and used as a basis for
nlotting wn Fae.13. I1 1s scon that 1t -a posmsible to drair two separate
lince throuch che zxpermmoenticl poinbs, ono %bpresuntﬂn no droop relative
to the chordline (1 = 1 4°) and one reprosemting 4 of droop relative to
the chordline (lN = EHAQ). The Jinus are dvwm fer overhangs of 0,6 -
chord.  Shorter nacolles tend o cve larger 117t losseas (Thg. 12} but thu
differcnce 13 neglizible fur the purpose of correcting wvalucs of Aomo'“

ioth Comparison with previcus method of esbirafion of  Akpt
and upmo

The tests of Rel 3 were made on ceclprocating engine nacelles with
a drameter of 0463 _hord and for overhongs of 2.7, 0.3 and €, be. The
curvea of Rel,’% have been used to esbtimatc AKH for overhangs of 0.6
¢ Fre.9) and the H;Tbbrﬂﬂt hotween the two sets of tests

and 1,0 zhord (sec Fig, 9
=3 good. Witn the larger diametor reciprocaling engine nacclles there s

no variztion of  Ak,' vath vertical Loaghs, This tondency 1s alao
notiocad with the rosulte ¢f tescs on e nac. lles of diameter 0,350 chord

Al ' Chordlzn
where tre mabio s ~ . ts lezs tharn that obtained for the smaller

Ol ' indersiung
nacellss, To give a mars drroct ﬂe pa vson withan the ranges of overhang
tested Lhe rozalts of fhe pregont st have been used to estamate valiues

|
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of 4k,' and ACy ' for values = = 0.5, Z= 0.093 and O:-
e & e
: ., )
{ ol ACp,
'2'-:' -1;1- h ‘ ey 4= * T en -
o ¢ » é fﬁot”“i“t* Measured fﬁ“tlmaﬁeﬁ " Measured
P from presons - TOm Prosen ;
ref. 3 Rel.3
| results ( ) regults ( )
| |
0.093 | 0,80 | 0.115; 0 208 v, 212 ~0.105 ~0,050
- ' -
| ' b | ‘
Lo 10,80 | 0,022 | 0.257 2,211 ~(, 055 ~0,013
! > '
The agreement 1g good for Ak,' 2I1%k-ugh thewe ie ne variation with
b4 -
—~ in the nmeasured valucs. Difl.rencce in 40y' are possibly due to the

drffersnce 1n shape of the twe rear fairings, coupled with errors intro-
duccd by extrapolaticn.

o2  Tests witn mosual interf.ronce hetweon aacelles and interfercnec
botween body and nacelles

.21 BEffe:t of mutual intzrfarcrice betwesn two nacslles on the
stabitity changes duc fo a nacelle

The values of Aky' 2nd uOmn' obsaincd with two nacellcs on the
wing arc given in Table III, Section ITI.

The results show thal in any practical pesiticn Tor propellar
turbines, there 15 no mutual interforence betwoen nacolics.

L.22 Tffect of & oody on the stability changes due to a nacelle

The resalts o tho tests mede in the 115 't sunnel with a body on
the wing 1n both hipgh and lor positicns and with no body in posittion arc
given in Table V. At a spanmvise position <7 2. 3L bedy diazmeicrs the valae
of Ak,' duc to a nacells 1s found to be the zamc witn and withoub a
body in positicn fTor ads rslung paccllrs of daameter 23.7, chord., Acsuming
that the amouns of digSurbance of the 1o - .atn the bedy in position
depends only upon the boly diamcter thig znaalilty at 2.34 body drameters
may be assumed for the chordlaine nocellcs It 1s then convenient to
gxpress the cffect of the bedy es the ratio of the value of Ak,' due
to a nacelle at a given spanias. position divided by the value of Ok,
due tc o nacells unalfectod by the Lody ¥ oo al 2,34 body diameters out-
poard of thz centre line. The ratics cr anterference factors obtained
by this method are given 1n Table V and plottcd against the spanwise
positions of the nacelle 1n F g l4.  Two curves are drawm, lor high and
low wing respectively. The h.gher values associated .ath the high Jing
combination may e expected from the gecmetry of the model, the body being
below the nacelles and causing more dussurtance of the Tlow than would be
associated with & low wing.

The values of tne pitchine moment at zero 1ift for the nacclle on
a wing alone and on a wving inth & body are the same at 2.3L body diamctore
outboard of the ccasre linc., A simplce ralic depending on spanwisc position
cannot be used, as the values of AC, ' depend largely upon the amouat of

o
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underslinging [t 18 poseable, acwever, Lo zxamine the dilferences
cxisting between the valucs obfiin d with necelles at spanmse positrons
lezg than 2,34 body doazters and the value {or the nacelle at that
posrtion, These daffercences are given in Taoic V and pletted an Fap, 0.
Usia; whe nacclles of doamcter 23 7. chord Loo cuvrves are deawn, one for
the high and one Cor the Jow wang model. Too nacelles of diamctor 35.0)
chord give o éCho of sm.llcr magnitude at 2 scanwise positicn of 1 body
diameser ' an at o pozition of 2 06 diamcters oathoord, The opposite gien
cf tne anlerfoerencc in this case may resulé Crem the navrow ex.anding
vassage wich the lorge nacelle so close S the body.

Bric? calculaticns 1idisate chat the efTeet of the body on the
longitudanal velocity at Lhe naceloc vwositions is iunsignificant. Corsi-
deration 2f the potential flor roind an ainclined infinite cylinder gives
valacs of upmsh angle at the nacclle posatione, of the right order to
explain the wnterforcnce offet on Ak,' . From this 1t would be expectoed
that the Lody ffe it on AC0w," wld Lo properiicaal to She acrodynamic
wing body angle. Fesults of lostz on the noeolles of the Saundors foe
10/L6 (Fel.5) support this conclusion:-

! sjatimated Cor an Measured with an
Lorcdvan. o wing- al rodynamLe wing-
° v 3

Spanwis: positicn ot . “a
L couy ongle of 14 2

narclle in bedy c.amcte vo
lrom centre line A

bedy angle of 5.

e i , Yal 1 .
b Tntecrlevrenes &,K[ Interfercnce

T neren nil Dor incerement
Aot DL nacelle

1.05 -0, OBL ~C, 015 =0.137 -0.056

2.1C ~0,072 -0.J02 -0 09% ~C. 012

-0, G ~0. 031 O

L]
Y
Y

Ceompariscn wth cxisbing rosults for progeltcors turbine naccllcs

i

5.1 Previous tuoshe with nacelle,. on a Lgpcrsi CLILE (FJg.L)

- i, nm
The daffercnces in the paramcters =, =,

s

and % botween

1dertical pacsllos in inner and culer pozibions on & tapeced wing prevent
shs determonation of intezrercnce falsors snd incremonts. The results of
fhe two cories of Lests have thercfroe boen comearcd by using the later
regults to osvimate the .arlisr on.s.  Soiowtod and measured valucs of
Akn" and AC. ' are prescnted 1n the fabl..  These values are converied
Yo vasacs of Ekn and ﬁC”O by mwltiplying by 2 factor of tae order ol
e

30 °

K

/Tablc
=1 =



o HIGH WING LOYW WING
B3
Zgtimated! Veasured |Eatimated|Measured
I Aky' per nacells
Underslung 2 = €.121 Inner J 2 .50k 0.342 0.271 0.271
c 5 0.724 - 0.262 0,266
Underslung & = 0.1 . 2 0,271 0.279 0. 271 0. 281,
nderslung = = 0.138  Outer { 6 | 0.261 - 0.251 | 0.280
Chordline -g- =0 Irner | 2 | 0.358 | 0.36L 0.320 | 0.332
Chordline % =0 Gutcr | 2 1 0.315 | 0.30L 0.315 | ©.310
11 ACn." per pacelle
Undecslung £ = 0 121 Inner 2 O°1%2 | 0.160 0. 117 + 0.4k
e G 0.187 - 0.153 0.157
nd 1 ( E = 0.138 " 2 C'.112 O=129 Ou112 0,136
SYSLURE 2 38 Ouver {l 6 | 0.151 - 0.5t | 0.176
Chordline ;2. = 0 Inner | 2 0,035 0. 047 0.031 0, oht |
b
Chordline £ = 0 Outer |2 [ 0.023 | 0.024 0.024 | 0.027
[

It is seen that the agreement hetween cstimated and measured -~aluey
of Ak,' 1s good. The small discrevancy between the estimeted and measured
values of Aﬂmo‘ 15 possibly duc fc slight differences in the shapc of uh.

rear farring existing between the two sermes of testo,

5.2 Qther results for propeller turbine nacelles

At present there 1s little infermaticon availlabie on the effccts of
nacelles for propeller turbine ingtallaticns on the stability of an air-
craft. There are however results of Tirms ¥osts on the Viscount, a low
wing four-engined alrcraft and R.A.E, tests or the 8.R.10/46, a six-engined
flying boat (Ref.5). The layout of thosc two medels 15 1llustrated in
Figs.5 and 6 respectively.

Estimated and measuvred values of Aky , 40, and A0y Ior both
arrcraft are given in the Collowing tables:- ©

(i)  Viscount

Istirate for 2 Inner nazellcs 0,395 -0,070 0.0065
Estiurate for 2 Outer nacellcs 0.7265 ~0, 085 0.0115
Tetamate for all L nacelles | 0, 0660 T =(0.155 ( Q0,080
Measured values for all 4 nacelles b0 0650 {=0.135 00,0150

il
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hky ACm, ACT,

Istimated] Measured|Bab-rated) Measured | Ostimated| Measured

.
¢ Iraer 0,012 2.0 -0, 0055 -0, 009 0,006 0. 008
nicelles

2 Centre I gns | 0,008 | -0.9045 | -C,006 | 0.008 | 0,008

Ly f_',.
¢ OQuber OOO,Q -

L0023 ORIy -G, 005 0, 008 0, 008
nacelles

rmmar s —

To-ol for " )
~ -r‘\ CI - s
6 pase Lo 0,088 5,027 0 =0, 0145 0,020 i 0,022 | 0.024

Tt 18 sesr that the agreoment betucon estinated and measured values
15 good Tor Ak, and an interf.vunce fanstcr cf 1 37 18 obtained batween
the inner and outer nassiles o bhe 3.7 10/46 whach agrees wach the factor
of 1.39 ased 1n the csbimation. Dascrepincios between the catimated and
measured ACp, for the S.7% 10/46 are duc to = difference in acrodynamic
wing body angle butwecn the present beost medcl and the S.RAGLE (soc
paragraph 4.22)., Insufficient tost data are avairlable $o analysc the
srall discrepancy {or ths Viscount

The present report may bte uscd to cotimate wvalue of of 2kn' oand
Acmo’ bat 165 scove 1o limited by the lack of tests with more than one
wing body aagle and amoant of undersiinging. The small amount of data
available does suggest that the fuselage interference of (ﬁcmo' duc to

a nacelle is proportional so the acrodynamic wing-body angle.

=il
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L1310 OF SYMBOLS

lnecal wing chord at nacellie
standard mcan chord < wing
nasclle maximm width (= disrcter for ecirecvlar nacelles)

maximm body -adth At the Jore and alt pozrtion of the nacellc
(= dramcler for sireular bodice)

aerodynamic wing-nacellic anpgle
overhang of nacelle

length of noeolls benind leading edge of wing (rear falring
length)

dynamic prescurce
wing area

spanwisce co-ordinate (+ve [rom cenbre linc tovarde starboard
wing tip)

the distance of ta. centre line of the nacelle bolow the
.2. of the ang 1 . a v rbieal co-ordinate (+ve dowmvards)

distance of mid voint of overhanging part of nacelle below
the no-liit line drawn throuagh the local quarter chord point
of the wing

off'zclive inoidence of $he macalic centre line relative to
the wing

angle of nacelle cantre Jinc to wino chordline
angle of wrang naselle cherdline to wirng chordline
laft ceoeflficaont of whcle model athout tanl
local 118t ceefficient at nacslle centre iine

80y, = forvard movement of asrcdynamic centre due

to a necelle (bascd on whole waing ares)

b 1l 3 -

ugéki/8GL . = “orward mevement ol serodynamic centrc due
2 local

gc T

zo a nacelle (bascd on loceal wnng area at nacelle)

AN change -n pischirg moment at zero lift dve fc a nacelle

s/ Srad
(based on tno whole wing area)

1%



AC

4l

ACT

AGL'

LIST OF SYMBOLS (Continued

AN
chD

= change in pitching momenl al Zero 11t due to 2 nacelle
(baged on local wing arca at nacelle)
oL

4o

= 11ft loss duc to 2 nacelic (bascd on whole wing area)

AL

o7 = 117t loss due to a nacellc (based on local snng area
at nacelle)

.3
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APPENDIX I

Correction to ATy ! (Bxtracted from Pef,3)

"When a nacclle 1s andcrslung, so that the 1s reduced locally,

a correction is neccssary to the vmilue of Al ! nd din completo modo!
uestg, wefore comparisen with resilts of svst~§at;: tests witn a nacelle

cn a wing ~2an bce rade Jor zerce 11ft Lhea _ndicabtes a laft AL on the
nacelle, and a componsabing 1af't -AL on the rest of the wing; the couple
Cormed by the tvn foracs conbrobutos te dhq . On the rcctangular wing
of the systematze tests, b wing 11[+
and tne contribution to AV, 15 thus 4T x acr  x 18 the dastance

3 H'

1irt
ol

of the line of action of tac nacellic luft Al forward of the quacter-chord

point. On a complete a.roplanc the I:ft of the nacelle is compensated at
the aerodynamic meon o ontre, duet r ool choad of the guarter-chord

point of the wing scetion at $he nnecllz The memont of the 1.t forces

in this casc becomss OL {x - y), vhere v 13 the dissance of the asro-

dynamiz wean coentoo ahend of the guarter-cinord point at the nacelle; AN,
1s thus less, on a complete modll, by the amoant AL . y. ZExpresced in

non=-dimensional form, the value of ﬂsmo 18 reduced in going fram roct-

AT

anpular vang to completc mode® by an amownt ACQT v/e where Al = 2
P y L' Sy
= 0 ol

.

18 a coefTicicent of 117t 1ncreise Juc to a nacelic®,

In the present report the valucs of &Cmc’ for all tests have heen

correctid for this wing 117t moment 1.c. a moment ACL' . y/c has bes
2dded o all values of AC, ' measund, Valucs of y/o  were

0,033 for tho wing :1lone
2,183 for a low wing n1th body

0,148 for a agh wing with body.

-1 6=

=Ll acts at the quarter-chord line,






APPUTDTY [T

Estumetion of B, the elieciive insudence of the
nacelle centre-line relebive to tne wing

fro 1aft less dag Lo oa paclle on a wing desends wpon the amount
a

7
the nazells Jaanges the local wang camber snd thuo the local no 1a0%
argle. Thir will vary 1t Sifrerent oparwvise ~co1fions across the naselle
celles (e q, tne roughly cylindrical shape of
Yot

out Ter similiarly shoaped nacel
all mrepeller-turbine nacce.los) She ~noappge of the ne=1a0t angle at the
nacells centre-line may be constdered as 2 :onsuce of tre total 1ot lose
die to a pacelle.  The change 1n ne-=J1rt mele and the effective Lncldence
of th» racelle contre lin: relabtive Lo .1 wing may be deduced Crom
geparate calculationg of the ro lalt cnglon o the wing alone and o tho
nacelle=wing combirat-crn,  Beobtn may be calewlated by the mothod off Rel. 0,
aslng the forrmala:-

s
T a o
b= sy desrecs
I [_ 1 7.7
o 17 {am) ™

where
¢ 18 tac "chord" fror noze o trailing edgo

x 18 measured parilel boe the "Lord" {vem the nosc

-

¥z 18 tne dretance of tae combor Joae from the "ohord"

Calculations of Py = thewing oo L6 anzic and Ly Lhe no las
angle o the wrrg-nacclle combiaation ar civin .n Table TV, In fandang
the totel chanpge 4b 1t 12 accozeary to in~lude the aasie ¢ bebwoen
the wing ~hord-lince .nd \ing-necclle canbiret.on chordline as the ving and
winp-racelle are relatively b dufferant imeldonocos

j—jr--" — {»)"r - }JJ.: 4ot

Tig.7 shovs the conssructicn for

. o . o
(1)  a naceliz urderslung 12,1, _a vl anl drosped ab & to the
chordline, with ai100kchord overnang and o (0 chord coar fairing

(1=} & naceslic wadersiwmes 12,1, 2noed ~nd prrallel to the chordizac
with & 1035 chord overhane =nd o 00 cnerd rear fairing,

-7
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TABLE 1

Model Dimensions

5 5 Tunnel model

Win

(Fross area

Span

Aspect matic

Mean chord

Maxamum thickness

Pogitlon of maximum thickness
Camber

Section

Body
None fitted
Nacelles

No propellers represented
Geometric wang nacelle angle

Details of nacelles tested are guven

in tables 1n text (see para.2)

111 £4 Tunnel model

Wing

Aspect ratio
Mean chord
Section

Diameter of cylindrical portion
Elliptic nose length

Tapvered rear length

Front length (forward of wing L.E.)
Rear length (aft cof wing T.N.)

Wing and Body junctich

Wing position

Gsometyric wing body angle
Wing no 1ift angle
Aercdynemic wing-body angle
Pillets (Low wing only)

=18

532.8 sq.1n.
W in.
L.55
11.1 1n.
154 chord
30e chord
2.4y, chord
K A.F, 44 (modified to
have straight portion
from 65.5¢ chord to
trailing edge on upper
surface

o° and 4°

&
11.1 in,
Same seotion as that of
5 't tunnel model

9 in,
16.2 1n,
27.0 in,
27.1 n.
36.4 1n.

Low and High
a0
A
1,47
"Small* (Ref.1)
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TABLZ I (Continued)

Fin and Tailplane

None faitted
Nacelles

No propellers repraaented
4 o
Geometric wing nacelle angle 0
Details of nacelles lested are given
1n tables 1n text (see para.2)

Distance of midepcint of overhanging vart of nacelle below no
110% line of wang drawn through z chord voinu = zy

n %?-for all diameters
¢ Underslung Undersiung | Chordline Chordliine
E = o021 Z = 0,121 Z -0 2.0
c [ [ a
1y = 1 49 1y = 5 3 I = 1.4° 1y = 40
0,4 0,132 0.011
0.6 0,131 C,153 0,013 Q.032
1.0 0.139 ~ 0.174 0.8 0 083

-1 0
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Wing,

TABLE TT

Dimensions of Tapered Wiang Model

Grops area 860,171 sg.1n.

Sran 99 in,

Aspect ratic 10

Mean chord 9.9 1in,

Centre I1ine chord 13,5 1n.

Chord at —nner na-elle centre line 11.95 an.

Chord at outer nacelle cenbre line 10,38 in.

Taper ratio 231

Centre %/c 18y,

Tio t/c 12,.

Camber 2y chord

Dinedral Upper surface Tlag

Section N,A.CLA, 2l18~-2412

Juarter chord line is straight and at raght angles %o bedy centre
line

Diametor of cylindrical portion 9 in.

Ellaiptic nose lenguh 16.2 an,

Tapsred rear length 27 1n,

Front prece (forward of cenbre-line wirg caord L.T.) 26,5 in,

Rear piecc (aft of centre-line wing chord T.E.) 34,6 in,

Wing-Body Junction

Wing hcaght Low and High
Cecmetric wing/body angle 00

Wing no=-110v angle =20 ta chord
Hence aerodynamic vang-body angle o

Talict "Wediun® £illet of

Ref.1 (low wang only)

Min and Tailplane

Nonc ficte

Nacclles

Nurber cf nacelles 2
No propellers rcprescnted
Spanwise positicn of nacelles from body centre-line

Inner 10,9 in

Quser 21.8 in.
Vaximun diamcber 2.63 in,
BEllapti=z nose length 478 1n.

Rear falring leagth {(aft of L.0L.) 7.17 1n.
Overhang (same lor inncr and outer nacelle) 11,95 an.

For inn.y nacille ov.rhang = . 1.00 iocal chord
For ocutecr nacellc overhang = 1.151 local chord



TABLE II (Contimied)

Nacelles {contd.)

Distance of centre 1line of underslung nacelles bhelow

wing L.E. (sams Tor inner and outer nacelles) 1.47 1n.
Inner nacelle 18 anderslung

0,121 local chord
Outer nacelle .z inderslung 0.138 loonl chord
Geometric wing nacelle angle 0” and 42
Aerodynamic wing nacellie angle 2% ana &

2=

X



TABLE ITT

Forward Movement of Aerodynamric Centre ond Change in

Patching Mement at Zero 11f% doe fo a Nacelle on a Wing

Teste in 5 &6 Tunnel

{Rectansular Wing, Aspect Rabtio = L,33)

Nacelle Condition

-AC, ' (leas)
Mgy

_&Cmo '

mxaluding |
moment of
wing lif'k

I 1 NACELLE ON CiNVYRE LINE OF WING

T(a) Fascello dismeter = 0,237 chood

Underslimg = = 0.12% 15 = 1.4°

L.os %:0,4
1)
0.6
1.0
=07 L=06
© © 1.0
Z=n0 T 0.4
[ o 1
Undersiung % = 0,124 1y = 5.4
El:().6 @-1056
¢ 1.0
=09 L
¢ ¢ 1.0
. o
Chordlins %-: 0 iy = 1.4
E”—’-O.é E:D,-‘L—
@ ° 0.6
1.0
O
Chordline %-: Oy = 5.4
-{1-:0.6 2:0.6
a IS

O

0.107
0. 11L
G125

0.099
0,105

0.C67
0,073

o1
-\

0.115
0.120
G.133

0,107
0.116

0.078
0,082

c.136 |

0.083
0.102

L6
LOTE

LOEY

OO O

0.028
0, 00U




TABIZ TII {Continued)

| -ﬂ-cmo'
cell 4 Ak ! a ALt exciuding
Nacelle Cendition Ak m (Meas) | -ACy Mot of
wing 1ift
I(b) Nacelle diamever = 0.272 chord
7 Z - 4 .= i ©
Jnderslung = 0,121 14 = 1.4
% = 0.6 T =06 0,174 0.113 0,220f 0,421
¢ 10 0,258 0,126 0,204 | 0.13L4
L= 0.7 2= 0.5 0,175 0.0k 0.20L] 0,412 |
¢ ¢ 1,0 0. 260 0.112 0,204 0,120
%x(m9 %:(Lé 0,176 0.068 0.315] 0.080
1.0 0,258 0. 071 0.330] 0.083
¥ i &) E. = fcd o 1
Chordline S O 1y = 1 4 |
L=o6 =05 G, 226 0.016 0.063! 0.018
e S 4.0 0.300 0,022 0,063 0,02
I{-) Nacelle diameter = 0.356 chord i
Underslung % = G121 1y = 1, 4°
L2=0.9 .1.,0 0.310 C.082 0.339| 0.095
C 4
. |
Chardlaine %-: Q 1y = 1.4 i
%:&5 §=Lo 0.333 0. 050 fawq 0.051
1
IT 1 NACELLE Ol WING
Nacelle ciamester = 0.237 chord
Underslung %- = 0,121 1y = ‘E.l;.o }
.06 E=10 &=3.20 0,257 0,124 G181 | 0.43%1
c o]
ITI 2 NACELISS ON WING
III(a} Necelle Zprameter = 0,237 chord |
Undersiung -‘3- = 0,121 1y = 1.J4.O [
\
% = 0.6 g:: 1.0 L= 2,07 0,239 0,123 0,198 | 0.131
% = 3.80 O, 241 0.122 0.198 1 0.130
1
III(b) Nacelle diamcter = 0.356 chord f
Underslung-% = 0,121 iy = i.4°
L=y % = 1.0 % = 1,38 0,323 0.072 0,330 0.036
© N v/T = 2,07 0,307 0. 068 0,350, 0.082 |

-23-



Values of

TAELE TV

B the iffective Inc. Jerce of the

Jacelle Ceatre-Tine helavive Lo the Wing

Anglec Apple of | No 1art i
of* droop Wang= angle he 1ift
relative | PRcelle i‘clatlve angle AR {degre( s)
to chord- chordlinel o snng- | oo N—ﬁ%ﬁ-fqﬁ
Tine to ving | nacelle 5W-degrees degrees
o chordluinel ctordline!l ¥
0 degrees
¢ degrees|Py degrees
(a) lacells dia-
meber = 0,237 chord i j
Underslung -i‘-: 0121
T=06 Z=04 o0 .92 ~1. 94 ~1.02 % 00
- TC.6 0 4,32 -1.17 L7
1.0 ) .40 YA L. 06
0.6 ' L 5 80 -2 44 .08
1.0 & 543 -1, 64 k. 81
2=07 2%=0.6 o .32 -G 72 ho52
¢ 510 0 3.45 ~0.09 4.38
o099 L2056 ol .32 +1,28 €.62
© R Y 0 3.0 +1.67 614
0.5 L 5.80 +0. 47 7.2
1.0 & 5.3 +0, 12 £.87
Chordliin. % = 0
2-0.¢ %:OA 0 0 -0,y 0,58
¢ 0.6 0 0 —0.40 0.62
1.0 o i 0 =037 0.65
1.0 b 2.00 -1, 61 1.4
(b) Hacelic dia~ |
meter = 0,272 chord |
Undersiung (-Z,,J-: 0.121
Loo6 Z=o00 o I 52 - b 17
© 1.0 + 0 345 -0.37 k.10
Loog Eioo5 l 9 L 32 -0, 62 L.72
° ° 10 { 8 3,45 +0 11 4. 58
: |
=09 =06 1 0 L.32 +1. 59 6.3
v s 1.0 }r 0 .45 +1.37 | 6. 34
[ il ' |

Dl



TARLE IV (Contanued}

Angle }Angle of | No 1if+t
jof droop | W-08° angle | gy 14pg
‘relatlvg nacelle |relative angle Ag{degrens)
t0 cherd-chordline|to wing- | o v;:.ng BN*@I‘Wé i
: llne h“to ’gil’lg nﬁazzilei W" degrees degr\ees
o dEgTGGS chnorailine| Chnor ine
¢ degreesg BN degrocs
~ % .
Chordlinz rie o
E-06 Z=06 0 L0 ~0. ik 0, 58
- - 10 & 0 -0 40 G.6h2
(c) Hacclle dia-—
meter = 0,356 chord
Underslang 230,12‘1 :
%:0,9 %:1‘0 0 | 3..5 +3.,08 7.55
o 5
Choprdlince == G
==06 2210 c ., 0 ~0.40 0.62

|
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TAVRLE V

Pervard Movement of Aerodvnemic Centrs and Change

1a Pitchang Momert at Zero Lalt dus 5 a Nacolle in tae

Pregence of a Rudy

1 ! o
Joot M5 x 85 0% tuansl (Pectangular miny, csocel ratio = 6,00

Aerodynamic Wino-3ody angls = 14"
1 | =00 ' | Inter- | Inter-
Condl 1 on Al -Sij'lﬂhg ticacludaing ference Tarence }
o meas )| moment of | factor incroment
twing 1ift i (on Ak,') | (on ACm,')
| _ .
I HIGH VNG |
| () Jecelle dlameter :
! = 0,237 chord
| i
Tiderslurg g = C,121
S N 1DJ+U |
Lo 0,3529]0.1155/0.191| 0.1435 1.395 | «0.0125
o121 [0.310[0.112 10 203 | 0,102 1,515 | =0.011
1,56 G, 268(0,107 :06293 0,157 1.135 =, G0
i 1.2 .20 0,105 10,210 0 135 1.035 ~(), 00L
‘ 2, 3l 0,236(10.104 0. 1841 0.131 1,000 8
Ghordllne«g =0 !
lN = Jloh_o
%L = 1.0 0.356]0,02550 0,051} €.033 1,36 | ~0.013
b2z 10.261{0.011510,057 | 0.200 1.000 | ©
(v} Nacelle dioneber
L = (0,356 chord
i !
' Undersluag Z= 0,121 | j
1 = 1.4% i
L= 1,0 0.466|0 012 0,591 | 0 0995 1.0 | +0.005
Yoo p.29 0 1033100355 0.0k 01025 0 0 &
IT Iow WING
(2) Nacelle dacmeter 1
= 0.2%7 chord { 3
Z F ! |
Chordline 5 = O )
:LN = 1.LO | } i
[ - . [* !
L = 4.0 10.583(0 033 |0 00033 1 1.270 | -0.008
o2t 0347(0.026510.0581 0.752 1 4.150 | =0.007 |
2.5L  +0.302|0.0e, |0.013 ) 0,025 | 1.000 | © |
1 . ) ]

w26



TABLE V (Continued)

Wt 2078.0P38. K3, Printed wn Grect Britan.

i =X Inter- Inter-
Condition Ak -ACmO"_ﬂS , excludin% Eerenoe faerence
(meas) L |moment of | fastor |increment
wing lift|(on Ak,') (on 40y ")
(b) Nacelle dizmeter
= 0.%356 chord
Underslung-% = O
1I\I = 1,}.]..0
L2 0.38L10.027 lo.422] 0.0875 1,210 | +0,004
1.21 0.35510.0275|0.422) 0,088 1.115 | +0. 0035
2,29 C.318{0.043 |0.340] C.095 1.00 0
ITT WING ALOND i
(Without Body)
Nacelle diameher
= 0,237 chord
t
Tnderslung % = 0,121
1y = 1.4% |
L= 2.3, 0.2360.127 :“3.2;14 0.129 i
fs] 1 | i
! L |
-7



UNDERSLUNG NACELLE - g&gg:ﬁrﬁ‘ c:g.».n_n.m.a

FIG.I.

CHORD LINE B
—.‘i /// ,/,’— E / .
= - \ - ' -
ﬁ'é' \..._____\::“________ ! /
oy 66" 4-44" | TN
-8 t'g_-sc. 2 0+4¢C, i sC.

UNDERSLUNG NACELLE-~ Raag Fai ém.;sua

) CHORD LINE
~ :34"
=02IE.
===
]l"ll s.sﬂ 7,7" &9 [}
= "Cr5C. Q7C, =0-8¢,

S 3
UNDERSLUNG MACELLE ~ ot SHRaR=

CHORD LINE

CHORDLINE NACELLE = piores o8 SROSH:

NOTE - OVERHANGS OF 0-4,0:6 AND |:0 CHORD
AVAILABLE AS FOR UNDER SLUNG BUT
CONSTANT REAR FAIRING,

-——CHORD LINE

— e e — T
T s i ——

666"
=D-5C- =c

© 1 2 3 4 5

[ [} 1 1 ]

SCALE OF NACELLES= INCHES,

FIG.I. NACELLES OF DIAMETER 0-237 CHORD..



FIG.2.

UNDERSLUNG NACELLE, DIAMETER = 0:272 CHORD = SHONING AVAILABLE

NOTE = OVERHANGS OF 0-6 AND |0
CHORD AVA|LABLE AS FOR

CHORDLINE,
1 _CHORD LINE
. oy - - —7>
ol . it X . ]
i et o

CHORDLINE NACELLE, DIAMETER =0.272 CHORD = gigrii ot -ABHE

NOTE = CONSTANT REAR

—= . FAIRING.
- |
r/ - | ___CHORD LINE _ o
f\ \

—

/
[l Y- o 6'65" jleg?

«bh0C, s 0.6C, 20«6C, =L,

UNDERSLUNG NACELLE, DIAMETER = 0-356 CHORD.

: " CHoRD L T~
Ialgfalc. — /7

e 8.00" 1L
= hOC, T z09C. =C.

3.95"
£ Q.356C

CHORDLINE NACELLE, DIAMETER » 0356 CHORD.

CHORD LINE _

!
t
I
|
|

“.IIl j.ssu “'l"
2 {*QC. rQ'BEC, =C, o

C 1 2 3 4 8

Lasaal 1 1 1 ]

SCALE OF NACELLES-INCHES,

FIG.2. NACELLES OF DIAMETER O-272 AND
0-356 CHORD.



FIG.3.

ELLlPTI?eFA'}RlNG CONSTANT DtAMIETEgg SECTION TAPERED R%ﬁ FAIRING
(:t_____“_‘:-s\
| ™~
AERODYNAMIC HIGH WING SHOWN DOTTED,
WINq-BODY ANGLE= |+4° I
_— — —| — — ] SPANWISE POSITIONS
o _i____ OF NACELLES,
271" [fsf¥ J6.4"
ey
=
- ___!__ .1 19":1.00 BODY DIAMETERS,
- __} ] 109=)e2] BODY DIAMETERS.
—_—— _]_ ] ._14"=1.56 BODY DIAMETERS.
—— _T ] _ym15"s.24 BoDY DIAMETERS.
- .1 _I___ 4. y2i"x234 BODY DIAMETERS.
|
& CHORD I.INE.—-—"!

o L o 1B 25

g0
| F | 1 L L i

SCALE OF MODEL - INCHES.

FIG.3. G.A. OF MODEL USED FOR BODY
INTERFERENCE TESTS,



FiG.4,

B, ; \
/

AERODYNAMIC
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